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METHOD FOR SCAVENGING RADICALS WITH UROCAHIC ACID, DERIVATIVES AND ANALOGUES 



The invcncion rclatcc to ant ioxi dance ox- radical 
scavengers and clielr reaction produces. 

Tran^-xix-oeanic acid ( cranjff-UCA) is a major ulcravinlftt 
(UV) absorbing component of the human epidermis. Absorption 
5 of UV radiation from the UV-C region (200 - 290 nm) into the 
UV.A-I region (340 - 400 nm) causes photo i *5omerizat:xon of 
trans-UCA into cis-UCA in vivo as well as in vitro [1-3] • 
Because of this property, crans-UGA has been used as natxiral 
sunscreen agent [4]. This use had later been minimized since 

10 it became clear that phot ©product cis-UCA can mimic some of 
the effects of UV on immunity, suggesting that this compound 
is an important mediator of UV-induced imamonosuppression [5] . 
however « at the moment it is not clear what the main role of 
xjci^ or its mode of action is in the context of 

15 .imniimomodulation. Although e^eriments in vivo supply 

avidence for the immune -suppressive potential of ci^-UCA (8« 
12) , it is remarJcable that ±n a number of cell cultures (in 
vitro) auppression was not found (13-17) . Simil«ix levels of 
cis-UCA can be induced by UV-A and UV-B, but neverthel«^3s UV- 

20 B is more potent in suppressing contact hypersensitivity than 
UV-A (18) • 

The invention provide© conipounds and coxt^ositions for 
use in methods for scavenging radicals or for modulating the 
immune response, comprising uroecuiie acid or salto, 

25 derivatives, functional equivalents and analogues thereof. 
Said compounds, compositions and methods as provided by the 
invention are based on the novel insight that urocanlc acid 
isomers are radical scavengers and ccrve as natural 
antioxidants m the body, in particular in sJcin, UV exposure 

30 of the skin causes an increased level of oacidative stress 

with the Inherent formation of reactive (hydroxyl) radicals. 
It is shown herein that (salts of) urooanie acid isomers or 
functional equivalents such as imidazole equivaleziLa and 
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imidasolone derivatives thereof, in pairticular 
pbysiologicttlly (in the body) occmrx-ing imidazole con^ioxmde 
for example act as physiological antioxidanns capable of 
efficiencly protecting lipid phoaea of biological mcmbranee 
5 and proteinaceous Bubatances in aqueous environmencs agalxisc 
the ac-tiuxi of radicals euch as hydroxyl, oinglot oaq^en or 
other reactive odd-eleetron species • These species can be 
generated from hydrogen peroxide upon UV irradiation, and 
from hydrogen peroxide in presence of metal inns (e.g- Fe*') , 

10 Che Fencon reaction. Bwth types of reaction can occur in the 
epidermic [6] . Under conditions of oacidative stress, enhanced 
by exposure toUV [7], it xis evident that XJCA ieotners will 
encounter the randomly produced hydroxy 1 radicals In situ- 

The invention rhus provides in one enddodimenc a method 

15 for scavenging radicals in a sxibctance comprising providing 
said substance with urocanic acid or a functional equivalent 
; thereof, such ae a salt or functionally related imidazole 
, confound- Preterably, crans -urocanic acid or a functional 
Aqijivalenc thereof is used, being most active or being least 

20 immunosuppressive, using xiarocanic acid or equivalents thereof 
as antioxidant or radical scavenger is advantageous over 
using other antioxidants, ouch as vitamin B« which are 
commonly not or only partly soluble in water, whereas 
urocanic acid or its analogues dissolve easily in aqueous 

25 solutions. Especially where said substance comprises a food 
product or cosmetic product, which are commonly water based, 
naing urocanic acid or its functional equivalent as provided 
by. the invention is advantageouo oyer water insoluble 
antioxidants. Both isomers are water soluble hydroxyl radical 

30 scavengers and can be used in the water phase of numerous 

emulsions. Furthermore^ urocanic acid isomers, being natural 
components of the body, are eooentially non- toxic, which 
additionally is advantageous when preparinq a food producL ox 
cosmetic product. 
35 In another or subsequent embodiment, the invention thus 

provides a method for scavenging radicals in a tissue, for 
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exastrple subjective to oacidacive stress, compirising provi rtlng 
tfaid tissue with urocanic acid, e.g. the invention provides 
use of xiarocanic aeid or equivalents thereot tor the 
preparation oZ a plidLtniaceacical or cosmetic composition, for 
5 example for the treatment of oxidative stress, such as for 
exanple manifested in wrinkles and other signs of ageing 
tissue, 1T1 particular Rlcin. Oxidative stress in living 
organisms and their tissues, in particular the oacidation of 
proteins, haff been implicated in the phenomenon of ageing. 
10 wrinkling^ acute damage of proteins, ischemia reperfueion, 
atherosclerosis, and many nhronic diseases, such as 
psoriasis, scleroderma, lupus erythematosus, allergic contact 
dermatitis, vitiligo, lichen planus and graft -versus -host 
disease, or which treatment the invention now provides a 
15 pharmaceutical or cosmetic composition comprising urocanic 
acid or functional equivalent thereof. Such a composition is 
advantageously also used for immune modulatory purposes. 

In yet another embodiment, the invention provides use 
/of an oxidation ]^roduct of urocanic acid or eQ[uivalents 
20 ! thereof^auch as salts or related imidazole compounds having 
similar effect) for the preparation of a pharmaceutical 
composition, in particular wherein oaid product is an photo- 
oxidation product. Herein is used the novel insight that as a 
consequence of radical scavenging, epidermal UCA. isomers are 
25 converted by reactive oxygen species (ROS) into oxidation 
productc with biological i.e. immunomodulating effects. In 
contrast to the photoisomerization of UCA, not much auteution 
has ac yet been given to the oxidation of UCA. In particular 
not to the reaction of UCA isomers with the very reactive 
30 hydroxyl radicals. Hydroxyl radiealo can be generated from 
hydrogen peroxide upon uv irradiation, and from hydroqen 
peroacide in contact with reduced metal ions, e.g. ferrous 
(Fe*^) ions. Both types of reaction can occur in the 
epidermis (6> • 

38 under conditions of .oxidative stress, ezihanced by 

exposure to UV (7), it is evident that tJCA isomers will 



exicouxitex- the raadumly px^oduced hydx035.yl radicals. We now 
provide the insight that it is in geneiral nor. s-urocanic 
acid per se that provides modulation or repression of inumine 
responses, but: oxidation producc:i» of urocaxilc acid, chat for 
/eacair^le have arisen after ultraviolet light (UV) exposure of 
for exttinple skin- Herein, uroccinic acid scavenyrs* radicals 
created by UV exposure, ie thereby oxidised to for example 
icnlda:60le coixtainixig uxuccmic acid derivacives, such as 
imidazole-4-earboxyaldehyde, iTtiidazole-4-anenic arrici or 
imidazole-4-carboxylic acid^ which subsequently modulate, 
suppress or mitigate a mounting immune response of the body 
to the UV induced tissue damage. 

By providing insight into this natural mechanism, we 
provide insight in imnnuiae modulating mechanisms that are at 
wniric to k-ftftp (overly strmig) immune responses, tor example 
directed at UV exposvire at bay. The invention thus provides 
use of a pharmaceuti Ml nompo^ition romprising an oxidation 
product of urocanic acid for modulating immune responses 
against various stimuli, thereby mimicJcing a, previously 
unlcziown, natural action of said product. Herewith the 
invention provides a method to modulate an immime response of 
an animal, for example a human being, comprising treating 
said animal with a pharmaneutic^al romposition comprising an 
oxidation product of urocanic acid, for .example wherein said 
product is an imidazole such as imidazole-4-carboxyaldehyde# 
imidazole -4 -acetic acid or imidazole-4-cBrboxylic acid or an 
im±da:zolon deri.vativ« of iirocanic acid such as 3-(4- 
imidazolon-2yl ) -acrylic acid and 3- (4-imidazolon-5-yl) 
acrylic acid- Tn particular the invention provides the use of 
one or more UCA photo -oxidation products as immuno modulator 
in various aicin rii sea.cses , fiuch as psoriaBifs or dermatitis. 
Furthermore, the invention provides a pliarmaceutical 
composition comprising urocanic acid or functional equivalent 
thereof for its radical scavenging properties, whereby said 
composition is additionally used as immuno modulator. 
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optionally alaready comprising oxidation products having 
Immune modulatory £\mcLion. 

The invention is further cs^lained in the detailed 
dftRrription without limiting the invention cheretu. 

6 

per ailed description 

T:rans-UCA. cxs^UCA, relaUeU imidazoles «md non- 
iuilda^ole compounds were tested with regard to their abilicy 

10 . to compete with decocyritoose to scavenge hydroxyl radicals. On 
expoduxe to hydroscyl radicals deoxyxibose ia degraded into 
malondialdehydft, which reacts with thiobarhituric acid to 
form a pink chromogen. Powerful hydroxyl -radical scavengers 
will compete with deoxyribose, resulting in a reduced amount 

15 of malondialdehyde [22] , Ten con^imds, UCA, UCA analogues. 

alanine and uric acid (Fig.l) were tested on their ability to 
scavenge hydroxyl radicals. 

Method: the deoxyribose CdR) degradation tesL. The 
test was analogous to an earlier described method [22 1 - 

20 Briefly, the reactions were performed in S mL screw cap glass 
tubes in a final volume of 1 . 0 mL sodium phosphate buffer (50 
mM; pH 7.2), containing 3 . U mM 2 deoxy-D-rlbbse, 0.5 mM 
hydrogen peroxide and one of the teot compounds at graded 
concentrat:1«n5S- The reaction was started by the addition of 

25 premixed disodium BDTA and ferrous iron solution (final 

concentrations o.b mM and 0-2 mM, respectively). The mixture 
was left for 15 minutes at room temperature. After addition 
of 1.0 mu 1 % thi ©barbituric acid in 50 mM NaOH and 0.75 ml* 
2.8 % trichloroacetic acid, the tubes were heated for 20 

30 minutes in a boiling water bath. The pink color was read at 
532 nm and reciprocal absorption values were plotted against, 
the concentration ot the test compound after subtraction of 
appropriate blanks,. A series of six duplicate determinations 
from test compound dilutions was en^jloyed La construct a 

35 graph slope for the calculation of a rate constant value. The 
mean, SD, number of rate constants and Uhe percentage of 



6 



inhlbiLxon deoxyx-ibose decrradacian, calculaced for each 
r.ftst compound, az-e listed. Results, All second-order rate 
conscante for reaccion with hydroxyl radicals and, in 
addition, che percentage inhibition of deoxyribose 
degradation with equxmolar concent xationti (3 mM> wf scavexxyer 
are siuranarized in Table 1. A typical graph with slopes to 
deri^ rate consConus Irom is shawzi in Fly. 2 £or bc^Lh UCA 
isomers. Trans-UCA and cis-UCA are subscantially more 
powerfiil in scavenging hydTOxyl radical© (ft.O and 7.1 x 10* M' 

r-espeetively} , than the other 4- (5 -subs titbit ed 
imidazoles, including L-histidine (2.6 yc lO*M'*.s*M. L- 
hiatidine, the precursor of UCA, was included as a known 
moderate scavenger [2^.-24] w1r.h ftrrticntiT'al similarlniea no 
UCA* L- alanine was used as a known poor scavenger [22] • 
rrans-FAA. was tested as a non- imidazole acrylic acid 
derivaLive, having a furan ring instead. This subsclcuclon 
yielded a very poor scavangizig ability. 

Other 4- (5-) substituted imidazole analogues^ 
dihydrourocanic acid or 3- (imidazol -4- yl) -propionic acid and 
imidazole-4-aceLic acid, showed moderace scavenging ability, 
comparable to hietidine. Uhsubstituted imidasole and its 2- 
methyl derivative appeared to be stronger scavengers than che 
UCA i55nmers. The well-known hydroscyl radical scavenger uric 
acid showed an excellent abllltly (27.8 x 10* M'*-S"^) • 

Trans-UCA and ois-UCA, two epidermal compounds « are 
good hydroxyl radical scavengers; their ability is less than 
that of uric acid, but larger than that of the other 4- (5*-) 
substituted imidazoles, e.g. histldini:^. 

Trons-UCA euid ci s-t7CA are herein recognized as good 
hydroxy! radical scavengere. Both ioomers occur in 
substantial concent rations in the epidermis, che laccer in 
nhft T7V-e3q>osed skin. There is strong evidence for the 
occurrence of hydroxyl radicals in the epidermis, especially 
upon UV irradiation [7] • Normal human skin contains 
approximately 200 iron [26,27]. predominantly complexed 
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tn fftrrinin. Th« r«leaae ot Irzree jtenrous ions Jay UV ir- 
radiation l2e] and che presence of hydrogen peroxide [29,30] 
are prerequisites tor tiie generation of hydroxyl radicals. 
Other reports indicate the UV-indueed presence of hydroxyl 
5 radicals indirectly since their effects on epidermal 

conscicuencs could be neutralised with antioxidants (31, 32] . 

UCA is an imidazole coiqpound azid several other 
imidazole derivatives liave already been shown to be good 
hydroxyl radical scavengers, e.g. histidine [22-24] * 
10 hictamine [33], histidine containing dipeptides [24,34], 
. cimecidine and other histamine (HJ receptor : antagonists 
I [35]. This study reveals that several other imidasoles show 
Similar properties (Table l) . Hydroxyl rdidicalt^ uau react 
with tlxe imidasole ring to form imidasolone derivatives. 
16 Their formation has led to the proposal to use the 

imidasolonea of hiotxdxne and hictamine as markers for 
oxidative stress [23^33] . The importance of the imidazole 
* ring in UCA molecxxles was also demonstrated in oiur 
experiments. The poor scavencyin^ ability of trans -FAA, laaving 
20 a furan ring instead, was a remarJcable contrast. Furthermore « 
the presence of the acrylic acid moiety in UCA molecules 
conjugated with the imidazole ring may account for its 
ixicreased ecavexiyixig abxlicy tuwaxds liydxoxyl radicals as 
coniparsd to the other 4- (5-) substituted imidazoles. 
2S Uxusubtibituted imidazole and its 2 -methyl derivative are 

stronger hydroxyl radical scavengers, accentuating chat thft 
prec^ence of an imidazole ring is a prerec^uisite lor 
sufficient hydroxyl radical scavenging ability. However, 
Uhetie (jocnpounds do not occur physiologically and are harmful 
30 (UDjg oral rat 220 mg/kg for imidazole and 1500 mg/Jcg for ^- 
methyl imidazole) . 

SVans^UCA and cis-UCA do occur physiologieally, mainly 
in the epidermis » with relatively high concentrations, our 
findings point to a new physiological role for the UCA 
35 isomers, besides the suggested roles of trans-uCA as natural 
sxmsoreen agent and ei^-UCA ao immunooupproooant * 7jranfi-UCA 
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I and cid-UCA may be tnajoz* epidertnal hydroxyl radical 
* , psrovxdlR^ a new view on the anc ioacidant s^.a^-tls nf. 

Che skin. Tlxe findincjs chac l- UCA isomer arc youd liydroxyl 
radical scavengers, though not as strong as uric acid, and 
5 Lh&c 2 . chts UCA iBuinera already occupy relatively high 

concent rat iozxs in the skin, create possibilities to apply rhft 
UCA i&uiutsrs aB xiuxx-coxic axxcioxidant additives in food emd 
cosmetics in relatively high concentrations. Trans-UCA 
(commercially available) should be preferred, because Cis-UCA 
10 inay e^cert immunosuppressive eHfects. 

Xn contrast to the photoisomerization o£ UCA, not much 
ctCceiiLiuxi liA^ as yet been yxvexx Lu Uxe oxidation of UCA. In 
particular, the reaction of UCA isomers with the very 
reactive hydroacyl radicals should be explored. Hydxoxyl 
15 radicals can be generated from hydrogen peroxide upon T.7V 
irradiation, and from hydrogen peroxide in contacL wlch 
reduced metal ions, e.g, ferrous (Fe'*) ions. UV-A 
irradiacioxx of LxdLfito-UCA or ciy-UCA with bydroqexi peroxide 
only results in UCA photoisomerization and not in UCA 
20 phot ooxidat ion- The lack of correlation between UV-A-induced 
ci^-UCA formation and immxmosuppression (10} may be another 
indication for^ a role of UCA-oxidation products in skin 
imanmoluyy . These compounds can either be formed in Llxxs 
presence of hydrogen peroxide upon UV-B * irradiation or by a 
25 Fexxtorx reaction; both reaction types leading to comparable 
sets of oxidation products ao determined by chromatographic 
. paccerns . The common oxidizing species of both reaction types 
is most likely the hydroxyl radical. Starting the oxidation 
With crans-ucA or with cis-UCJA yielded similar 
30 chromatographic patterns. Ixx relation with hydroxyl radical 
scavenging of the UCA isomers, it should be noted that UCA 
isomers may as well interfere with UV- Induced 
immunosuppression r.hrnugh scavenging of radical species- 
The presence of the acrylic acid icioiecy ixx UCA tiiolecules 
35 conjugated with r.he imidazole ring may account for its 



«ifl. U U " ai U m Q^.:=3i 9^ ILJi SJT 



wo 01/00145 - »^ ^ ^ ^CT/Nli4M)iQa439^. 



5 



increased scavenging atoilicy towards hydroxyl radical© as 
compared to non- conjugated imidazol rs, such as hiscidtne and 
histamine. Ir may also accomiL for che diversity of the 
formed oxidation products. 

Materials and methods 

Hicfh Performance Lioruic * nhrftmaropraphv {HPLO 

10 Trans-UGA. and cls-UCA w&tc& separaced from each uuher 

and frnm several UCA oxidation products on a 4.6 x 250 mm 
Alltima C^e » Luna C^g reversed-phase column (Alltech, 

Deerfield, II and Phenomenex, Tuxxence, CA, reap.) with a 
£low of O.a mL/min, delivered by P-3500 HPLC-pumps 

15 (Pharmacia, Uppsala. Sweden). Samples of 20 to 20*0 fxL were 
injected by a Promis II autosampler (Spark Holland. Emmen, 
The Netherlands) and chromatographic data were recorded on an 
SP 4270 integrator (Spectra Physics, San Jose. CA) - Peak area 
data from samples were only processed under identical HPI*C 

20 circumstances. A UV- detector (Applied Biosyateme, model 759A. 
Foster City, CA) was sec for 22 6 nm detection. Isocratic 
elution was performed with 10 mM ammonium formate buffer, 
containing 0-2 - U.8 mM tetrabucylammoniuxudBA) formate and 1 
% acetonitrile (pll 7.2). Collected fractions were acidi tied 

25 with formic acid up to a final concentration of 100 mM and 
passed through C^g colid phase extraction columns (•TT Baker, 
Deventer, The Netherlands) in order to remove TBA. 
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PlioEOQJclciation 

A 1-cia quartz cuvetce, filled with 1*4 cnL cample, was 
5 placed in the pa-rallei t3eam of a rilcered 1000 W xenon dix; 
lamp (Oriel, Stzranford. CT) - The sairplee were magnetically 
stix-red during irradiation. To minimize infrared (heac) <inU 
\risible radiation, the beam was passed through a water filter 
(7 cm) , reflected by a dichroic mirror and filtered through a 

10 l-tnm UQll filter • 53hort wave cut off was achieved by passing 
Che beam through WC;280, WG305 or WG33b filters with 3 ram 
chictaiess each (Schott-OTena, Mains, Germany) • Xenon lamp 
emission tiitered through WG280 included UV-C, UV-8 and UV-A; 
through WQ305 UV-B and UV A and through WG335 only UV-A was 

15 included. Two narrow bands in the UV-B and uv-A spectral 

regions were selected to monitor the xerxon-are emission. The 
probe of a calibrated iiG&G 550 radiometer (Salem, MA, USA) 
was equipped with a neutral density filter and narrow band 
filter type UV-M-IIj (Schotc-Jena) with a transmission maacimuiu 

20 of 21 % at 303 nm and a half -width of 11-5 nm to monitor UV-B 
or with a type uv-pil. (Schotc-Jena) with a transmission 
maximum of 46 % at 363 nm and a half -width of 7.7 nm to 
monitor uv-a. Transmission spectra of the optical f liners 
were checked on a Perlcin Elmer Lambda 4 0 UV/VIS cpeecrometer 

25 (Norwalk, CT, USA) . 

Additional irradiations were performed with 
fluorescent tubes TL.12, used as a UV-B source, and TIilOR. 
used as a UV-A source (Philipc, Eindhoven, The Netherlands) , 
on f5ampTei=t that w^re magnet icaily stirred in small Petri 

30 dishes. The UV-B output was measured with an . IL 443 

phototherapy radiometer, fitted with a SEE 1240 silicon 
detector probe and the UV-A output with an XIj 442A 
phototherapy radiometer with a SEE iiS detector probe 
(International Light, Ncwburyport, MA, USA) . 
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UCA ieomere <10 or 40 /xM) were oacidized with a 
hydroxyl- radical- generating «yscem chat consieted of various 
5 coneeatratioxie of ferrous ions (in - 500 fiM) and a fixed 
hydrogen peroxide concctiiLracion of 500 (the Pencon 
reagent) , dither in a sodium phosphate (10 or 2 0 mM) medium 
of pH 7.2, or in ulcrapure water. In addition, two hydroxyl - 
radical -generating ayctems with copper inns (Oi*') were used, 
10 consisting of 50 fM uu^' wich either 500 uM hydrogen peroxide 
or 5 mM ascorbic acid. 

Synthesis of reference croznpound imidazole -4 -carJboxaldehyde 
^4 oxTnyliznidd^uIe^ 

4- CHydroxymethyl) imidazole-HCl (4 mmol) was stirred together 
with sodium bicarbonace (0 ramol) in 4 ml methanol for 1 hour 
at room tenqoerature . The methanol was evaporated axid the 
realdue was eactracted with a chlorof orm/mctbanol Xil- After 

20 cent riftigat ion at 3500 rpm for b minutes the supernatant waa 
evaporated and the residue was taken up in 20 ml hot dioxane. 
4.4 g manganese dioxidft (activated; for synthesis) was added, 
followed by a reflux reaction for 2 houro . Manganese dioacide 
was removed by filrration and the filtrate was evaporated- 

25 Crystallisation was carried out in methanol . The yield was 95 
rag of fine off-white crystals, 25 % of maximum yield. The 
melting range was ISO - 169° C : 173 175^ C) . Melting range 
of starting material was lOH - 111* C and of the oxidation 
product imidazole-4-carboxylic acid 294 - 2DS^ C- UV (water) 

30 (log e) ?,57 nm (l.aS). 
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VCA isomera and phot ooxxdat: ion 
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The o-o bond of hydrogen peroxide can be cleaved by UV 
radiation to yield hydroxyl radicals. Becaixae both UCA 
isomers could effectively scavenge hydroxyl radicals, it is 
5 to be expected that UCA will be degraded and/or converted 
inco oxidaclon produces, utie cUDilicy o£ simulated solar UV 
radiation to convert trans-UCA in the px-ecence of hydrogen 
peroxide into photooxldarion pz-oducts was tested in vitro and 
analyzed by reveraed-phase HPLiC analysis. Hydrogen peroxide 
10 eluted close to void volume and traixs- UCA and cis-l7CA eluted 
urjr.h markedly different elution times of 20 and €4 min (Fig« 
3a-d) . The unirradiated cuiitrol sample did not: show any 
interaction between tran«-UCA and hydrogen peroxide (Fig. 
3a) - Exposing tiO iiM crans-UCA in the ab.«!enr?fi of hydrogen 
15 peroxide at pH 7.2 Lu WG280-f lluered xenon-arc emission 

(including UV-C and UV-B) resulted only in the formation of 
cia-UCA via the process? of phocolsomerlzatioh (Fig. 3b) . 
Howevcri when tx-ani?-UCA was irradiated in the presence of 500 
/iM hydrogen peroxide under identical conditions « many 
20 addicloxi^il peeiks appeared in che chromacogramft and hor.h 

tjran«-UGA and cie-UCA pea3« were strongly reduced (Fig. 3c) , 
indicating a certain phorochemical conversion or breakdown- 
Bight main photooxidauion produces were recognized as new 
peaks based <r)n retention times and were assigned in the 
25 chromatogram (Fig. 3c) • 

In connr*ast^ when exposures weire performed with 
cimulated solar radiation from which both UV-C and W-B were 
blocJced out by a WG33S filcer, virtually no photo -oxidation 
products were fouxid (Fly. 3d) . Only UCA photoisomerization 
30 was apparenn, which is in accordance with earlier reportfis (2, 
3) . The ratio of txwx&'-UCA co cls-UCA phonoisomerization was 
»ot affected by the degree of photoodci dative breakdown. 
Blocking out UV-c by the use o± th^ WG305 filter showed 
intermediate results (Tabic 2) . Thie irradiation condition 
35 has Che closest simulation with the spectral UV distribution 
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of texTescrial soler radiation produced by an overhead sxm a 
a brigtit day. Tests wich che fluorescent lan^s TI* 12 (UV-B 
and UV-A; some UV-C) and TLIOR (UV-A) confirmed th above 
findings tuat UV-B and UV-C have photo- oxldacive ability - 
5 Although Che UV-A doee of the fluorescent lan^j was much 

higher than that of UV-B, che yield of UCA photo -oxidation 
p^raducts was much lower with UV-A (Table 2) • The formation o 
photn-'OMidation products was quantified by suraninq the eight 
major peak areac (in arbitrary units; peaks A - H) . The 

10 degree of photo -oxidative breakdowia, the yield of photo- 
oxidation productc and the degree of UCA photoisotnerization 
under different irradiation conditions were summarized in 
Table 2, Taking the various emissions of these UV sources 
into account, the photo -oxidative ability of UV radiation 

15 became sxibstantial with wavelengths shorter than 

approximately 320 nm. Experiments with crito-UCA yielded 
similcAX results, except that <rls-UCA/ t«n3-UCA ratios were 
incrcaced in this series (data not shown) . 
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UOL iootnears and Penfcon oxidation 

In Che ne^t series of experiments we studlied the 
Fencon oxidation of UCA, representing cmoUher x^cural 
oacidation process. Trans-UCA and eis-UCA isomers were Penron 
oacidized by ferrous ions (Pe*') and hydrogen, peroxide ac 
physiological concennrations • The initial hydrogen peroxide 
concentration was 50n /iM and the ferrous ion concentraclon 
was varied from 0 to 500 fM. In all Pen ton oxidation 
reactions the degree of ucA-isoraer breakdown was calculated 
from their reduced peak areas . The oxidation reaction must 
have been completed within minutes for all reaction 
conditions, because no further breakdown was observed after 
prolonged incubation* Hydrogen peroxide without Fe'' had no 
effect on the UCA isomers at all; however-, Pe** without 
hydrogen peroxide rftsulr.ed in a slow breakdown of UCA isomers 
after prolonged incubation (data not shown) . 

The sequence order of addition of che two Pent on 
reagents did not markedly affect the UCA breeUcdown and yield 
of oxidation products, except at a low UCA concentration of 
10 /xM. When Pc^* was added after hydrogen peroxide, a larger 
breakdown and a smaller yield of Kent on -oxidation products 
were observed, whereas the reverced- sequence order gave 
opposite results (data not shown) . 

When the Penton reaction was performed in water 
instead of phosphate butter, the oxidative breakdown of 
tJrans-UCA was enhanced irrespective of the UCA concentration . 
The turbidity seen in reactions performed in phoshate buffer 
(10 mM) with high Fe^* concentration 

(> 100 ^M) was probably due to the formation of insoluble 
iron phosphate, thereby reducinq the free eivaileibillLy of 
Pe'"^. Table 3 summarises the difference between water and 
phusplxate medium for trans-UCA at azx inii-lal concent i-at ion of 
40 with respect to its breakdown and the formation of 
Pent on -oxidation proriuctfi. Similarly to the photo-oxidation 
e^eriments^ the peak areas of the 8 major oxidation products 
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w re SUmmBd. Consiarable results wearc obtained with cis-UPA 
(data not ahown) , whicK finding is in acfiosrdance with the 
eoTtiparable rate constants of crans-UCA and cria-UCA in the 
deoxyribose degradacion escperiment (Table 1) . A. close 
5 reeemblance was observed betw€sen the chromatographic pattemo 
of UCA Fenton wAxdation products (not ohown) and those of UCA 
photo-oacidation products. Three Of them has been identified 
(vide infra) . 

Whan two other hydroxy! -radical -generating syeLems based 
10 on copper ions (Cu**) were investigated with fcrans-UCA. the 
combination of Cu" (50 pM) and ascorbic acid (5 mM) without 
hydrogen peroxide caused an almost complete brea)«iown of 
tx-ans-UCA (3 % left) , whereaa the system with Cu»' (Sn /iM) 
and hydrogen peroxide (SOO /M) showed Tittle effect (88 % 
15 craJ3S-UCA left) . Evaluation of the data was difficult with 
the ascorbaue system, because several interfering peaks had 
occurred in the chromacograms. which were probably derived 
from ascorbic acid and its oxidation products. Both sytema 
are considered tn be ot minor importance for the situation in 
20 vivo, but these results indicate similarities in oxidative 
behaviour of the UCA isomers , independent of the nature of 
the hydroxyl- radical -generating system. 

UCA isomers and Fencon oxidation. 

25 In another series of eacperiments wc studied the Fenton 

oxidation of UCA, representing another natural oxidation 
■ process. The initial hydrogen peroxide concentration was 500 
in all experiments and the ferrous ion concentration was 
varied from 0 to 400 jiM- Four sets of conditions wore 

30 compared « 1. Pe" in phosphate buffer pH 7.2 , 2. Fe" in 
phosphate buffer plus EDTA j 3. Fe'- witbouL buffer with a 
initial pH of 5.S - 5.3 and 4. Cu*" in phosphate buffer plus 
ascorbate. The deqree of breakdown was similar for both UCA 
isomers. Table 3 shows oxidative breakdown ot trans -UCA with 
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bydzx>gen peroxide in increasing order: condlcion i < 2 < 4 < 

The addition of Pfs*' at tinal concencratlons of 100 - 
400 fM in phosphate buffer caused a turbid solution of 
ft inssoluble xron phosphate. Under this condition the smallest 
degree of breakdown was established. A limited availability 
of tree Fe*' is assumed to reduce the oxidative breakdown of 
UCA. At the other hand, conqplcxation of Pe'* to EDTA did not 
cauRft a turbid reaction mixture and a larger breakdown was 

10 established (Table 3) - The largest breakdown was seen in the 
abeencft of phosphate butter, with a less defined pH value of 
S.5 to S.3 , dependent on the UCA concentration (40. 100 or 
7-50 |JLM) . At the start of the Fencon reaction in the 
unbuffered medium, there was a rapid fall of the pH value 

15 from 5-1 to 3.4, with initial concentrations of trans-XJCA, 
hydrogen peroxide and ferrous ions of 250, 500 and 400 ^M, 
respftcri vely- We attribute this effect to the unbuffered 
liberation of relatively strong acido, such as glyoxylie acid 
(GliX) . Similar results of breakdown, though slightly less 

20 pronounced, were obtained with azs UCA (Table 4) . This 

finding is in accordance with the comparable second order 
rate constants of nrans-UCA and c:i4>-UCA for hydroxyl radical 
scavenging (B) • Hydrogen peroxide without Pe^* had no affect 
on the UCA isomers at all; however, Fe*" without hydrogen 

25 peroxide resulted in a partial breakdown of the UCA isomers 
upon, prolonged inexibation of one day (data not shown) . 

The primary oxidation products formed are ImCHO and GUC. 
Additional experiments in which ImCHO was used as starting 
material, a yield of virtually 100 % ImCOOH was obtained 

30 after Fenton- or phoc ©oxidation. In LTCA RamplRs that were 
highly oxidized (containing <i 4 % UCA> ImCOOH was the major 
226 nm absorbing compound, whilR TmCHO rroneentration was 
largely reduced. An additional experiment demonstrated that 
under this oxidative condition the aldehyde (ImCHQ) was 

35 oxidized to the carboxylic acid (ImCOOH) - GLX wao analyzed in 
lower amounts than ImCHO in all cases studied (Table 3) # 
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except for the Fencon oxidacion o£ 40 sM UCA (Table 4, 
seecion 3.1 axxd 3.4). Traxis-UCa. and eis-UCA in relatively 
high concentration of 250 |iM were broken down for 78 % and 75 
k, respectively, by the xinbuffered Penton oxidation system. 
Table 4 section 3 also isliQw:^ uJxac Llie yield of oxidation 
products was proportional with the initial UCA concentration. 
Reiiiarkcdjly, the yield of ImCHO from cia-UCA was siibstantially 
larger than from trans -UCA. In the phosphate buffered Penton 
system a conQiarable brealcdown and a compa r able yield of 
oxidation products was recorded, irrespective of the initial 
UCA concentration ran^e from 40 to 250 mm (T^ble 4, section 
1. ox\ly results of 40 fiM are shown) . In che presence of EDTA^ 
a larger brealcdown and a higher yield of oxidation pxoduccfii 
(in particu^lar ImCHO) resulted (Table 4^ section 2). This 
yield was raised as higher initial uCA concentrations were 
used. In the unbufffered system, the highest degree of 
breaJcdown of all tested systems was recorded* The oxidation 
product yield was the largest of all systems when the initial 
UCA concentration wa.s high (250 fM) {Table 4, section 3) • 

When another- hydroxy 1 -r-odical -generating oy&tem# based 
on copper ions (Cu*") was investigated, the combination of 
Cu^' / ascorbic acid / hydrogen peroxide caused a large 
brea}cdowa of crans- uca (Table 3) and a moderate yield of UCK 
oxidation products. In favor of ImCOOH. Without ascorbiu 
acid, the system with Cu^* (50 pM) and hydrogen peroxide (500 
\JM) showed little breaJcdown (88 * trans-UCA left; dara not 
shown). For the situation In vivo, one must remember that the 
epidermal copper content is lower chan iron (2S} . 

2,3.4, UCA Gompsiired in Fetzitzarx and phavooxldation 
A close resftmhl anrre waj? observed between the chromatngY^aphie 
patterns of UCA Penton oxidation products and those of UCA 
phot ooxldat ion products (Fig. 5) . Also under photooxxdation an 
oxidation inhibiting effect was seen in phosphate of pll 7.2, 
whereas the yield of oxidation products was in favor of IroCHO 
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(Table 4, section 4 versus 5) - In photo- oxidation, the 
breakdown of cis^UCA was subfifcantially decreas d In 
coii5)ariSon wictx che triaxit* isomex- (Table 4, seccion 4-6) . In 
Pencon oxidation, this effear. was less pronoxinced. The dana 
6 o£ Table 4 wex-e given for air sacxiraccd ssolutions . Argon- 
purging of tlae solutions, prior to Fenton - or 
phocooxidtttion, enhanced UCA breakdown as well as the yield 
of oxidation products, toorh by a Tacnor 2 co 3 . HeciLixiq (to 
37^ C) or argon-purged solutions slightly enhanced 

10 the yield of XmCHO. 

The data ol Table 4 indicate a discrepancy ('gap') 
between mieromoles of ITfTA isomer broken down and mlcroinoles 
or oxidation products formed. The smallest 'gap*, though 
ctill S2 %, was founii after the oxidation of cis-UCA in the 

15 uiibuffered system (section 3) . Thin layer chromatography 

(TLC) gave more insight in che 'gap' products. Llocit: were not 
b-eea in reversed phase chromatography, using UV detection or 
fluorescence rifttection. TLiC carried out on silica with the 
elueuL isopropanol / ammonia 25 % (4 s 1) showed an array of 

20 elutable. partly overlapping fluorescent spots and a 

fluorescent spot at the start position (data not shown) - 
However, the initial wp.lght of trans-UCA, introduced in a 
photooxidation experiment with extensive UCA breakdown (< 4 % 
of each UCA isomer Iftf r. over) , was not lowered much 14 %) 

25 after severe photooxidation. This finding indicated a 

predominant formation of non- volatile, solid material in 
stead of gaseous compounds, such as CO^ and water- The TLC 
pattern and rh« weighing experiment points to a possible 
hydroxyl radical initiated chain reaction of UCA, resulting 

30 in the formation of substannea that may fill the above 

mentioned gap. These substamces may not be fully detected 
under the chromatographic conditions used tor the 
simultaneous determination of the UCA isomerc, ImCHO and 
TmCOOH - 
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XaixlhiUlan u£ comcact hypersensitivity. 
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Tlie inhiblnory effeccs of che UCA oxidkcion produces 
axe illustrated in Pig. 5. Maxinmin ear swelling response was 
normalized co lOO %. The largest reduction was obcained with 
the reeidue of severely phocooxidized UCA. (PO mix III) , 
concalnlng less than 4 % residual cis-UCA. It resulted in 
only 19 % ear swelling (01 % reduction of swelling) . Even a 
tenfold dilution ot that mix (0.2 g/1) reduced the ear 
swelling markedly (29 % ear swelling) , which is of similar 
levfti aA the ettect of cis-ucA in a concentration of i q/1 
(31 % ear swellin?^) . AnoLhex remar}cable effect was obtained 
by mixing the three identified imidazoles. When we tested one 
of Che imidazoles alone (l , oiay a moderate effect was 

seen, however, when tested mixed together (1 g/1, each 
Imidazole 0.33 g/1), a synergistic effect was observed (26 % 
ear swelling) • Glyoxylic acid and oxalic acid, as ammonium 
salts, did not exhibit sigxiificant inhibition of CHS. 

UCA phoLO"Oxidation on a preoarative scale 

ConcexitrciUiui^s of tz-ans-UCA and hydrogen peroxide were 
largely increased, as was the UV exposure, to obtain larger 
amounts of UCA photo-oxidation products as collected 
fractions from the rcvcraed phase column for further 
analysis?. A typical ctiromatogram is shown in .fig. ^. Four 
fractions, designated as 8, 10, l^i 17, were 
finally selected for identification (peak A, 1-3 in Fig. 4) . 
Prior to analysis, tetrabutylammonium was removed by solid 
phase extraction on C\o silica. 
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8 was icienta.rxea as imidazole- 4 *carboxaldenycie 
(ImCHO) • Itc UV-cpectrum was identical to the synthesized 
(see below) reference confound with an absorption maximum of 
257 nm. Co-injection of 8 with synthesized imidazole«»4- 
carboxaldehyde resulted in a sinqle chromatographic peak with 
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a rccention time of 8,13 minutes, Furthaar evidexwre is r.o be 
collected (peak A in Fig. 4) . The amount u£ ImCHO in the 
pbotooxidized OCA eamplc was gradually reduced upon storage 
an -P.O*" C. 

6 10 was identified as imidazole-4 -acetic acid. Tcs 

UV-apectrum was identical with an absorption iticucimum of 213 
nm. Mass spectrum was obtained with electrospray technique 
and nhe dry san\ple was created wiuh mechanol/HCl and n- 
butanol/HCl before analysis. A peak at mass 140 was obtained 

10 after mechylation and at mass 183 «f uer butylacion- 

Consequently, the mass of the original cottqs»und was 17.fi- Co- 
injection of lO with commercially available imidazole-4- 
acetic acid resulted in a single chromacographi c pp.ak with a 
i-ecencion time of 8.38 minutes (peak i In Fig.4) . 

15 14 was identified as imidazole -4 -carboxylic acid 

(imCOOH) . Its UV-spectrum wcia ideni-ical to the commercially 
obtained reference compound with an absorption maximum of 226 
nm- Proton resonance (IH-NMR) aaalyeis was done in DaC 
showing imidazolic protons in a ratio 1:1 with shifts of 7.76 

20 and 7.53 ppm. Mass spectrum way obUciined with electrospray 
technique and the dry sample was created with mftthanol/HCl 
and n-butanol/HCl before analysis. A pecik at mass 126 was 
obtained after methylation and at mass 1S9 after butyl anion, 
consequently, the mass of the oriqinal compound waa 112, Co- 

25 injection of 14 with commercially available ImCOOH 

resulted in a single c:hruiiuaCogx.apliic peak with a retention 
time of 14.73 minucGS (peak 2 in Pig. 4) . The amount of TmrOOH 
in Che phuLuuxidi;6ed UCA ecimple was gradually increased upon 
.storage at -20^ C. 
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(4-formylimida2ole/ FW = 134. S) from 4- 
(hydroxymechy 1 } imidcizolti-HCl . 
35 S38 mg starting material (4 mmol) was dissolvRd in 

ml methanol and 500 mg NaHC03 (6 mmol) was added. The tube 
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was occasionally arirred for 60 min, altemativdly ac 4" C 
and an warm water temperature. CO, was allowed uu escape 
from Che glass tube. The mist wae divided aer-oss several 
Eppendorf tubes and s.ubjected to Speedvac treatraeiiU for 1 
5 hour. Residues were white solids with light-yellow sirupy 
liquids. Chlorotorm/methanol mix 1:1 was added to the tubes 
with subsequent gentle warming and stirring. NaHCOj was 
separat-.ftrt by cent rifugat ion ot the combined fractioxxs at 3500 
rpm for S min. Clear supernatant was k©pt overnight at -9.0* C. 

10 to allow the precipitation o£ addiuiotidl NaaCO,. Then, the 

solution was cleared by filtration and evaporated to dryness 
with a Rotavapor device. The residue was taken up in 20 ml 
dioxane with magnetic stirring and 4.4 mg MnO, (activated; 
tor synthesis) was added in the same f lasK. The residue may 

15 not have been discolved completely in first instant ion- The 

mix was refluxed for 2 hours on a paramti oil bach. The warm 
solution was filtered and MnO,, was washed once with warm 
dioxane. Dioxane was evapoxated with the Rotavapor® yielding 
a white and yellow fine eristalline solid. Crystallization 

20 was carried out in methanol repeated times- Small volumes of 
methanol were required, because the residue dissolved well in 
methanol . 

Xield: " 20 rog (lit: ~ 475 UKj) of fine off-white 
25 crystals . 

M.P.: 167 - ISS'' C (lit: 173 - 175» C) 

M.p.j 4- (hydroxymethyl) imidazole -HCl :10ft - 

C 

imida2ole-4-carbo3cylic acid t 294 - 295* 



M.p 
30 C 



(lit.! Battersby AR et a.1 . , J Chem .«?rjr. (PerJcin 
I) 43 - 51, 1980) 
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The results show th«4L siitillar sets of several UCA 
oxidation products can be formed with tlV irradiation and 
without (Fenton reaction type) . Three products were 
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idencified so fax*. Wc aaoume thAt. tiheee eompoimde occur xn 
Che upper layer of the epidermis as well and a mechod will be 
developed to detexrmine UCA oxidation products in vivo. The 
simultaneous break-down of ItnCHO and the gain nf TrnftOOH 
5 after photooxidation has led to our speculation that ImCHO is 
slowly oxidized co ImCOOH during fir.nrage. Many aldehydes are 
gradually oxidized to the corresponding carboxylic acids in 
contact with oxygen species. 

Two phenomena out of the puzsling mechanism of cis-UCA 

10 induced itnmuno-euppreeaion can be solved if oxidacion 

products would have imnnunosuppresslve properties. First, nhe 
abrogation of the immunoeuppression by antioxidants (19-21) 
in the model of contact hyper- sensitivity measuring ear 
swelling respoioee. In our scope, the formation of UCA 

15 oxidation products is prevented, because of neutralization of 
the hydroxyl radicals by the antioxidants. Second^ the lack 
Of correlation between cis-UCA formation by uv-b and uv-A 
(18) . No immunosuppression was foxind with UV-A irradiaton, 
despite the fact that als-UCA waf? formed. In our scope, this 

20 finding may be explained as the Inability of UV-A to 
photooxidiae UGA, Consequently, no UCA photooxidation 
products are formed with uv-A (results section) auid because 
of that immunoeuppreecion would not occur, our findings and 
the above assumptions may point to a important role for UCA 

26 (photo) oxidation products in the skin immune syotem. 
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T.TgfaRKms ro FIGURES, 

Figture 1. Confounds tested in Llilti scudy for hydroacyl 

5 radical sccavexxging aiaility. (a) ti-ans UCA, (b) ci^-UCA, (e> 
3J-histidixie, (d) dihydroUCA or 3 - (imidazol -4 -yl) propionic 
acid, (e) imidazole acecic acid, [£) 2-mechyliinidazole, (g) 
imidazole, (h) I- alanine, (i) -furylacrylie acid and 

(j) uric acid. 

10 

Figiwa 2- A determination ot the second order race 

ronstants of crans-UCA and cls-UCA with hydroxyl radicals- 
The race conscant wci« dexi\red from the slope of the line (k = 
elope X X [dR] x A^) , where is r.he a±>sortoance, measured 
15 in the eibaence of hydroacyl radical scavenger. was taken 

aa 3*1 X 10^M"*,s**, derived from pulse radiolysis studies 
[8] , and [dR] « 3 mM, The rate constants in this particular 
eet wez-e 8-49 and 7,33 x 10*M'*.s"* tor tran5;-tlc:A and cis-UCAr 
rfiflpectiveiy. The other scavengers were studied similarly. 

20 

Figure 3. Chromatograms of 80 ^tM craxis-urocanic acrid in 20 mM 
phoshate burftsx pH 7.2. The initial concentration of hydrogen 
peroxide was 500 |aM- Injection volume was fin ^T.- 
a. with hydrogen peroxide; not irradiated, b. without 

25 hydrogen peroxide; irradiated wit^h a WG280 filtered xenon-arc 
lamp, c. with hydrogen peroxide and irradiated aa lb, d. with 
hydrogen peroxide and irradiated with a WG335 filrered x«non- 
arc lamp. Peaks assigned wlLlx A - H correspond with 
photooxidation products. Separation was performed on a 

30 Alltlma column with UV detection at 210 im\. The eluent 
consisted of 10 it\M codium phosphate pK 7.2 with 1.0 mM 
tetrabutyl ammonium hydroqen sulphate. Further experimental 
conditions are described in the text . 
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Pigux-e 4. Comparable ciiromacographic paccems in che 
5 formation of UCA ojtidcic.iou produces from 80 trans -UCA and 
500 fiM hydrogen peroxide in water (no buffer). T.ef c : after 
Fencon oxidation with 250 mM Fe''' and right:, after 
phot ©oxidation with "full* UV, containing a UV-B dosft of 32 
JcJ-m""*- The cis-UCA peak is iiiitt^iiig after Penton o^cidation, 
10 due to the absence of phocoisomerizat i on . PeaJc assxgpnation (A 
- G) V/as done as in Figure ic- Peaks B,C and D refer to 
iinidazole-4-carboxaldahyde/ iniida2ole-4 -acetic acid and 
imiciazole-4-carboxylic acid, respectively. Chromatographic 
conditions were identical to thoce applied in Pirjure - 

15 

Figure 5. Inhibition of contact hypersensitivity as a 
reduction of ear cwelling reeponee from BJLLB/c mice. Thf> 
positive control (no inhibition) was normalized to 100 %. 
Im-mix is a mix of the three identified imidazoles (see 
20 identifications) and POmlx III is a mix of the three 

identified imidacolee among several other vmidentif led UCA 
oxidation products* obtained upon extensive phutooxidation. 
Rudimental trans- and cis-UCA are present in loweT amounts 
than 3 % (by weight) . 



' wo Ot/00145 - 3.^1^3 3. WCt/SUOSi^BiSSSiJf s=,- 

25 



REPSRBNCBS 

1. Morrison. H. (198S) Photocliemiscry and phocobxology of 
uroctmxu acid. Pbotoderroatol ogy 2, 1S8 - X6S. 
5 2. Gibbs. N-K., M. Norval, N.J. Trayxior, M. Wolf, D.B. 

JoJuison and J. Crosby (1093) Action epeetxa for thft trans CO 
ciB pbotoiBowerisation of UCA in virro and in mouse skin. 
Photocham. Photobiol. 57. 584 - 5»0. correction (1S93) 
Phocochecn Pbonobiol 58, 769. 
10 3. Katnmey«r, A.. M.B.M. Teunissen. S. Pavel. M.A. de Rie MA 
and J.D. Bos (1995) Photoisoaicriaation spoetrum of urocanie 
acid in hinnan elcin and In vlcro; effects of simulated solar 
and arrificial UV-radlacion. Br. J. Dermatol. 132, S84 - 891. 

4. Anglin Jr JH (1976) Uroeanic aflid. a natxiral sxinscxeen. 
IS cosmec Toiletries 91, 47 - 49. 

5, Nerval M. , N.K. Qibbs and J. f5ilmour (199b) The role of 
uroeanic acid in UV- induced immunosuppression i recent 
advances (1992-1994). Photoehem. Photobiol- 62, 209 - 217, 
199b. 

20 6. Parr D. and I, Pridovich (1994) Free radicals in 

cutaneous biology. «J. invest. Dertnacol . 102, 671 - 67S. 
7. Black H. (1987) Potential involvement of free radical 
reactions in ultraviolet -liyht mediated cutiincoue damage. 
Photoehem. Photobiol. 46, 213 - 221 

25 8. Moonan P.P. and B.C. De Pabo (1992) Imrounocuppresaion by 
OV-B radiation: initiation by urocanir: acid, immunology Today 
13, 250 - 254. 

£>. Roee J. A., S.S.M. Howie, M. Norval and .J. Maingay 
(1988) , Systemic administration of uroeanic acid generates 
30 euppreesion of the delayed type of hypersensitivity response 
to Herpes slnqplex virus in a muxine model of infection, 
Photodermatology 5, 9-14. 



10. Oruner S., W. Diezel , H. Stoppe. H. Oesterwicz and W- 
30 Henke (I99l) inhibition of skin allograft rejection and acute 



- WO4)l/D0145 

36 

graft v rsus*host: disease by urocanic acid. J. Invesc. 
Dermatol- 98, 453 - 462. 

11. De Fabo E-C, P- Noonan. M. if'isclier. J. BtJrns and 
H. Kacstsx (1983) Fux^ber evidence that tkie photoreceptor 

5 mediating UV-iVnduc^^d systemic immune suppression is uxrwanic 
acid. J. Invest. Dermatol- 80, 319. 

12. Reilly S.K- and E.G. De Fabo (1991), Dietary hiaUidine 
increases mouse skin urocanio acid levels and enhances OV-B 
induced immiinosuppression of concacc hypersensitivity, 

10 Photochem Phofcobiol 53, 431-438, 

13. Beissert S-^ T, Mohammad, H. Torri, A. I^onaci, z. Yaia, 
H- Morrison and R.D. Granstcin (1997), Regulation of tximor 
antigen presentation by urocanic acid, J- Immunol 159, 92-96. 

14. Redondo P., J- Garcia Foncillae, P, Cuevillas, A. 
1.5 Espana and E. Quincanllla (1996) - Effects £ low 

concentrations of cis- and tranc -urocanic acid on eytoJcine 
^elaboration by keracinocyces, Phocodermatol phoLoimnciunol 

Photomed 12, 237 243. 

15- LappinM.B.^ JT.M- Weiss, E. schopf, M. Nerval and 
20 J.C. Simon (1997) , phyeiologic doses of urocanic acid 

do not alter che allostimulai:ory function or the 
development of murine dendritic cells in vitro, 
Phocodermacol Photolmmunol Photomed 13, 163-168. 

16. Iligaki Y- , C. Hauoer, Siegenthaler and OH Saurat 
25 (1986) c:is*urocanic acid does not inhibit mitogen induced 

lymphocjyLe uransfuxination in man. Acta Derm. Venereol. 
(Stockh) 66, 523 ^ 526. 

17. Rattis P.M., J. Pfiguet -Navarro, P. Courtel lemon t, G. 
Redainiae and D- Schmitt (1995) Cis-urocanic acid failed to 

30 affect in vitro human Langftrhans ceil aiioatimulatory 
function. Photochem. Phocobiol 62. 914 - 916. 

18. Reeve V., C. Boehm-Wilcox, M. Bosnic, R. Cope and P.D. 
Ley (1994) Lack of correlation becween suppression of contact 
hypersensitivity by UV radiacion and photo- isomerizat ion of 

35 epidermal urocanic acid in the haixlesss mouse. Photochem. 
Photobiol. 60, 268 - 273. 




27 



19. R eve M. Bosuic and B. Rozixiova (1DD3> Caraoeine 

protecca from suppression of eonnact liypersenslclviry by UV-B 
radlaclon or by eis-urocisinic acid. Immunology 78, 99 - 

X04- 

5 20. Reeve V.B. , M. Bosaic, E. Rozinova and C. Boebm-Wilcox 
(1993) A garlic extract protects from UV-B radiation induced 
suppression of concacr hypersensitivity. Photochem. 
Fhotobiol. 58, 813 817. 

21. Hemelaar P.J- and G.M.J. Beijersbergen van Henegouwcn 
10 (1996) The protective efface of N- acetylcysteine on UV-B 
induced immunosuppression by iiaiiibition of the action of 
cia-uroeanic acid. Photoehem. Phocobiol . 63, 322 - 357. 
22- Halliwell B., J.M^C- G5i3rreridge and O.I. Aruoma (1987) 
The deoacyriboee methods a sin^^le "test tube" aaaay for the 
15 determinar.ion nf rate constants for reactions of hydroxyl 
radicals. Anal. Biochem. 165, 215 - 219- 

23. Tiewiseh S.A. and R.L. Levlne (1995) Determination of 2- 
oxohistidine by amino acid analycie. Anal. Biochem. 231, 440 
- 446- 

20 24, Aruoma O^l., M.J. Laughton and B. Halliwel (1989) 

Camoi^inft, homocarnosine and anserine: could they act as 
antioacidants in vivo ? Diochem- J. 254, 863 869. 

25. Zhao MJ axxd Jung I* (1995) Kinetics of the cowpetitive 
degradation of deoxyribose and other molecjule:^ by hydroacyl 

25 radicals produced by the Penton reaction in the presence ot 
aacorbic acid. Fx-ee Radical Res 23, 229 - 243- 

26. Gorodetsky R , , J- Sheslcin, A. Weinreb (1986) Iron, 
copper and ;ciiic: concexiLidi-ions in normal skin and in various 
nonmalignant and malignant lesions. Int. J. Dermatol. 25, 440 

30 - 445. 

27. Ooldblum W.R,, S- Derby and A.B. Lemer (1953) The metal 
content: of s}cin, xiails and hair. J- Invest . Dermacol. 20^ 
13-18. 

28. Aubttilly M. , R- Sancufcj and S, Salmon (1991) Ferrous ion 
35 release from ferritin by UV-A radiations. Photonhem. 

Photobiol* 54, 769 - 773. 



28 

29. Bav^rifi A., N- Oahino eoid Chance (1972) The cellular 
prnduction ot tiy€±ragen peroxxde. Blochem. J. 128 ^ 617 - 630. 

30. Mc Cormick J. P., J.R. Fischer and J. P. Patchlatko (1976) 
CharannAri9:ar-ion r>f .a cell lethal product: from Che 
photooxidation of tryptophans hydrogen peroxide. Science 191, 
4(;r - 469. 

31. Hu M.li. and A.L. Tappel (1992) Potentiation of oxidative 
damage to proteins by uv-A and protection by antioxidants - 
Photoehcm. Pho^obiol . SG, 357 - 363. 

32. uTurkiewicz D.h. Bisset and G.R. Buettner GR (1993) 
effect of topically applied tocopherol on UV-radiation- 
mediated free radical damage in s}cln. J. invest. Dermatol. 

104i 404 - 486. 

33. ching T.ii., r.m. vanderhee. n.m, Bhoelan, J- Blauw, 
W.M.P.B. Menge, i7. De Jong and A. Baot (1995) Histamine as a 
marker for hydroxyl radicals. Mediators of xxif lammatlon 4, 

339 - 343. 

34. Bablzhayev M.A. , M.c. Seguln. J. Gueyne, R-P- 
Bvctigneeva, E.A. Ageyeva and G.A. Zhcltxikhina (1994) I#- 
camoslne and carcinlne act as natural antloxldemts witJi 
hydroxyl -radical -scavenging and lipid peroxidace activities - 
Blochem. i7. 304. 509 - 516. 

35. Ching T.L. , G.R.M.M. Kaenen and A- Bast (1993) Cimetidine 
and other receptor antagonists as powerful hydroxyl 
radical scavengers. Chem. Biol. Interactions 86# 119 - 127. 



m 



29 



TJLBXiB X. 

THE HTOROWI. BADICStf. fiCAVEWOIMG ABH-X^nT OP TOOCAHIC ACIP 
IgOMTCRS 

Am REXJWTSD CQMPOU1ID8. 



RADTCAI- 
dCAVSHPG8& 



CONSTJaiT DBOXYRZBOSE 
3C ao' DSQRJbDATXON 
iT^'-fl'* S.D. (SCAVENCSRl»[DBOXYRXB 



OSEl »3Mai 
% 

-IBTT 



taone aold 8 « 0 0.98 

ele-Uroeaaie acia 7.1 u.6 6 



64 



L-Bisr Idine 

Dihydrourocanic acid 

lmidazole-4aceclc 

acid 

2 -Me tihyl Imidazole 



2-6^* 0-9 4 

) 

2.7 0.9 3 

2-2 0.1 3 

11.7 2.6 5 



34 

.34 
30 

76 



L-Alanine 0,1 0.0 3 2 

taraiis-2-Purylacylic < - 3 -^2 

acid 0-1 

urlc acid 27. B 3.0 4 91 

a. i:rans-2-furylacivlic acid was not tested in concentrations 
> 8inM because of poor solwbi 1 i t-.y. 

n represtsncs the nutnber of slopes farom which the rate was 
calculated, 
c. 2-3-3.0 V 10* M'^.s ^ in literature [22] 
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